Insulin-like growth factor (IGF) and transforming growth factor (TGF) systems are implicated in breast tumorigenesis and are known to facilitate angiogenesis. The aim of the present study was to analyze intratumoral expression of various growth factors i.e TGF-β1, IGF-II, IGF-1R and to determine, whether their expression correlated with angiogenesis and other clinicopathological factors in infiltrating breast carcinoma in North Indian patients. Intratumoral expression of TGF-β1, IGF-II and IGF-1R genes was analyzed by RT-PCR in 60 biopsies of infiltrating breast carcinoma and compared that with its levels in their adjacent normal tissue. A comparative analysis of expression of each factor was done along with their relationship with angiogenesis in terms of intratumoral expression of vascular endothelial growth factor (VEGF, an invasogenic and angiogenic growth factor) and intratumoral microvessel density (IMD, a prognostic marker for angiogenesis). The relative mRNA abundance of all these genes was found to be higher in tumor tissues as compared to normal tissues. Statistical analysis of data revealed significantly higher values of TGF-β1 transcripts in tumor tissues (p<0.001) as compared to normal tissues, that relate positively with the expression of angiogenic factors like VEGF and IMD in the tumor microenvironment. Further a significant correlation between expression of IGF-1R and higher grade tumors (p<0.05) was observed. A linear association of intratumoral TGF-β1 expression with invasion and vascularity suggests/indicates a role of TGF-β1 in the pathogenesis of tumor angiogenesis.
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Introduction
Normal growth and differentiation of the mammary gland depends on the action of endocrine hormones concert with locally produced growth factors such as members of transforming growth factor β (TGF-β) family and insulin-like growth factors (IGFs). TGF-β1 has also been reported to both inhibit [1] as well as stimulate [2] proliferation of breast cancer cells. It acts as a multifunctional regulatory protein, contributing to cell differentiation, cell migration, extracellular matrix formation, angiogenesis, and immune functions [3] [4] .
Multiple lines of evidence support the role of IGFs, acting through the IGF-1 receptor (IGF-1R), in normal mammary growth and morphogenesis as well as in mammary tumorigenesis [5] [6] . IGFs are potent mitogens in numerous cancer cell lines and are modulated by estrogens [7] . Binding of IGF-II to the IGF-1R activates intrinsic tyrosine kinase activity, and, triggers several signal transduction pathways, resulting in increased proliferation and reduced apoptosis [8] . The expression of IGF-1R, which is found in high concentrations in primary breast cancers, is crucial for tumor cell proliferation.
Another vital component in the development, progression and metastasis of many human tumors is angiogenesis. Vascular endothelial growth factor (VEGF), also known as vascular permeability factor (VPF) is a multifunctional cytokine that stimulates angiogenesis by increasing vascular permeability and by acting as an endothelial-cell mitogen [9] . At present, the most widely used method to quantitate tumor angiogenesis in human solid tumors is the count of Intratumoral microvessel density (IMD) [10] . A high density of microvessels in the stroma of breast tumors correlates with an increased likelihood of lymph node or distant metastasis [11] .
TGFβ1 has been shown to induce angiogenesis in vitro [12] as well as in vivo [13] and is found to have angiogenic effect in breast cancer [13] [14] . TGF-β1 acts as an indirect angiogenic agent as it regulates VEGF expression by breast carcinoma cells [15] . Lee et al [16] provided the evidence that IGF-II directly promotes angiogenesis by stimulating the migration and morphological differentiation of endothelial cells, and suggested that this factor may play a role in the progression of the cancer by promoting the deleterious neovascularization. Kucab and Dunn [17] considered the potential role of IGF-1R in regulating breast cancer metastases by facilitating angiogenesis and lymphangiogenesis through the induction of VEGF.
The aim of the present study was to study the expression of growth factors like TGF-β1, IGF-II and IGF-1R in infiltrating breast carcinoma in North Indian patients to determine the relationship of these growth factors with tumor progression. The work entailed the analysis of the expression of these growth factors and correlate with levels of angiogenic factors like VEGF and IMD and certain clinicopathological parameters such as age, menopausal status, chemotherapy status, tumor stage, histologic tumor grade, lymph node metastasis.
Materials and methods

Acquisition of Samples
Sixty patients undergoing mastectomy were included in the study after informed consent. Breast carcinoma tissue samples were obtained from the surgical O.T. of the Nehru Hospital attached with Post Graduate Institute of Medical Education and Research, Chandigarh, India. Tissue samples from the breast biopsies were frozen in OCT compound and a diagnosis was made on a haematoxylin and eosin (H & E) stained frozen section. The diagnosis was subsequently confirmed on permanent sections.
For the purpose of gene expression study, a portion of the tissue was stored at -70°C and processed for reverse transcription-polymerase chain reaction (RT-PCR) analysis and the other was processed for routine histopathological analysis. For each tissue sample studied, clinicopathological data including age, tumor stage, histological type of tumor, histological grade and axillary lymph node metastasis status was recorded. Tumor Staging was done according to most widely accepted clinical staging system for breast carcinoma, adopted by both International Union against Cancer (UICC) and the American Joint Commission on Cancer staging. It was based on TNM system [18] . Tumor grade was assessed on routine H & E stained slides using method described by Elston and Ellis [19] .
Semi-quantitative gene expression of IGF-II, IGF-1R, TGF-β1 and VEGF
The relative abundance of mRNA of each of these growth factor genes was semi-quantitatively estimated in each tissue by reverse-transcriptase PCR (RT-PCR) as described previously (15) . Briefly total cellular RNA was isolated from the tumor tissue and their corresponding normal tissue using GITC method [20] . For RT-PCR, the complementary DNA strands (cDNA) were made from 2 µg of total RNA from each tissue using M-MLV reverse transcriptase enzyme (MBI fermentas, Lithuania) and random hexamers. For each PCR reaction, cDNA template was mixed to a standard reaction mixture consisting of 1 X reaction buffer, 1. Quantitation of TGF-β1, IGF-II, IGF-1R, and VEGF gene expression was done by comparing the signal intensities of RT-PCR product of these genes to those of β-actin gene from the same RNA sample using agarose gel electrophoresis containing ethidium bromide. The quantitative expression of each gene is given as the percent of constitutively expressed β-actin gene for each tissue sample.
Immunohistochemistry for IMD
For microvessel density, the tissue sections were stained for endothelial cells using an anti-CD34 monoclonal antibody signifying neovascularization. Tissue sections (5 µ thick) were taken on poly-L-lysine coated slides. After deparaffinization and rehydration, the sections were subjected to microwave treatment in 0.01 M citrate buffer (pH 6.0) for 15 min., for antigen retrieval. The sections were stained overnight at 4°C with 10 -1 dilution of CD34 antibody (Dako, Denmark). A biotinylated anti-mouse antibody followed by streptavidin horseradish peroxidase was used sequentially for 30 min before color developement using chromogenic diamino benzidine (DAB 0.5 mg/ml) in the presence of 0.1% H 2 O 2 . Sections were then counterstained with haematoxylin. Sections of primary breast carcinomas in which primary antibody was omitted served as negative controls. Individual microvessels were counted in the area of highest vascularity. Any brown stained endothelial cell or cluster that was separate from other nearby microvessels was counted [24] .
Statistical Analysis
For each group and subgroup of patients, TGF-β1, IGF-II, IGF-!R, and VEGF mRNA expression as % of β-actin mRNA values (Mean and SEM) were calculated. Among infiltrating carcinoma, the comparison of intratumoral gene expression and microvessel density with clinicopathological variables was done with unpaired student's t-test. Where indicated, a one-way analysis of variance (ANOVA) was performed. Correlation analysis was performed using Pearson's correlation coefficient. All statistical analyses were carried out with the use of SPSS software for windows 10.0. Tests were considered as significant when their p values were <0.05. 
Results
Clinicopathological characteristics
The study was carried out on 60 samples of infiltrating breast carcinoma along with equal number of their adjacent normal tissue. Forty patients (66.67%) were on neo-adjuvant chemotherapy, out of which 36 patients received post-operated adjuvant therapy.
Twenty six (43.33%) of the patients were premenopausal and the rest 34 (56.67%) were postmenopausal. Only one patient gave family history of breast carcinoma. Table 1 shows the clinicopathological characterstics of the patients like age, tumor stage, histological type of tumor, histological grade and axillary lymph node metastasis status.
Intratumoral TGF-β1, IGF-II, IGF-1R and VEGF mRNA Expression and Clinicopathological Findings
The Intratumoral mRNA expression of TGF-β1, IGF-II, IGF-1R and VEGF genes were analyzed by RT-PCR in normal and tumor tissue samples ( Figure 1A) . The relative mRNA abundance of all these genes was found to be higher in tumor tissues as compared to normal tissues. Significantly higher levels of intratumoral TGF-β1 expression were found in infiltrating carcinoma samples as compared to normal tissue samples (p=0.0004, Figure 1B) . Intratumoral VEGF mRNA expression was significantly higher in infiltrating tumor as compared to normal tissue (p<0.0001, Figure 1B) . Table 2 shows the correlation between various growth factors and various clinicopathological parameters. Analysis of variance by one way ANOVA revealed no significant difference except in IGF-1R levels (p=0.0483), which were significantly higher in high grade tumors. There was inverse relationship of TGF-β1 gene expression with lymph node metastasis (p=0.0095), which was higher (14.68±8.23) in the patients not having lymph node metastasis as compared to patients showing lymph node metastasis (9.73±5.75). There was no significant correlation between expression levels of IGF-II, VEGF and IMD with any of the other clinicopathological features, including age, menopausal status or tumor stage. Table 3 shows the correlation matrix (Pearson's correlation coefficients) depicting the association between mRNA expression of TGF-β1, IGF-II, IGF-1R, VEGF genes and IMD scores in infiltrating breast carcinoma samples. A positive correlation was observed between the TGF-β1 gene expression with VEGF gene expression (r=0.112, p=0.396) and IMD scores (r=0.040, p=0.764). Correlation analysis of intratumoral expression of various genes viz. IGF-II vs IGF-1R, IGF-1R vs VEGF genes, VEGF vs IMD scores revealed a positive correlation, though it was not statistically significant (p>0.05, Table  3 ).
Correlation of TGF-β1, IGF-II, IGF-1R, mRNA expression with levels of VEGF gene expression and IMD in Infiltrating Breast Carcinoma
Discussion
The angiogenesis depends on the production of several growth factors and angiogenic factors such as TGF-β1 and VEGF, by tumor cells and normal cells [25] . TGF-β1 has known angiogenic effect in breast cancer [13] [14] but, acts as an indirect angiogenic agent as shown by our previously published study [15] . Our results were in concordance with the findings of Cardillo et al [26] , which showed that the expression of TGF-β1 gene was significantly higher in infiltrating tumor tissue than normal tissue. These results might be related to the ability of TGF-β1 to down regulate members of the metalloprotein family such as tissue Inhibitors of metalloproteinases 1 (TIMP1) and 2 and to upregulate the transcription of genes like collagen and fibronectin.
TGF-β1 secreted by tumor cells or by macrophages or fibroblasts from tumor stroma also can induce angiogenesis [27] . In our study, a positive correlation was observed between intratumoral TGF-β1 and VEGF expression (r=0.112, p=0.396) and support the findings of Breier et al [28] and Donovan et al [29] , which suggested that TGF-β1 activated at the tumor/stroma border induces VEGF expression in the tumor periphery. In a study by Kesari et al [30] , an inverse correlation was observed between TGF-β1 expression and microvessel density (r=-0.311) and they suggested that TGF-β1 may inhibit proliferation of vascular endothelium. On the contrary, in the current study, there was a positive correlation between the intratumoral TGF-β1 and IMD (r=0.040, p=0.764) and the findings conclude that there is a relationship of TGF-β1 with VEGF and IMD in breast carcinoma patients.
Studies to date have been inconsistent with regard to expression of IGF-system components in breast tumor and normal breast tissue. In our study, the levels of IGF-II mRNA were higher in tumor bed as compared to normal tissues. Our data is in accordance with the findings of Pekonen et al [31] , which suggest that the presence of high level of IGF-II transcripts in breast tumor tissue may create an environment which stimulate cell proliferation and inhibit apoptosis with increased potential for tumor growth promoting signal transduction. Our observation with respect to differences between normal and tumor tissues may in part be due to differences in prominent cell types in these tissues. IGF-II can bind to both the type 1 and 2 IGF receptors. The type 2 receptor does not appear to mediate a mitogenic response and it is felt that the mitogenic response caused by IGF-II is mediated mainly through type 1 receptor. A positive correlation in the expression levels (r=0.183, p=0.161) of IGF-II and IGF-1R suggest that both are co-regulated. Lee et al [16] provided the evidence that IGF-II directly promotes angiogenesis by stimulating migration and morphological differentiation of endothelial cells, and suggested that IGF-II may play a role in the progression of tumor growth by promoting the deleterious neovascularization. But, a negative correlation between IGF-II expression and IMD score (r=-0.208, p=0.110) in our study indicates that IGF-II may help tumorigenesis, not by the expansion of endothelial cells [8] , but probably because of its mitogenic properties, exerting its effects by increased proliferation and reduced apoptosis.
In our study, we observed marginally higher levels of IGF-1R in breast tumors than normal breast tissues, which is found to be significantly raised in high grade lesions as compared to low grade lesions (p=0.0483) suggesting that the overexpression of IGF-1R is associated with aggressive behavior of the breast tumor. However, there was no correlation between IGF-1R gene expression and menopausal status, tumor stage, or lymph node metastasis. One possible explanation of this could be the small sample size in the present study. We observed a positive correlation between IGF-1R values and VEGF expression (r=0.051, p=0.698) in infiltrating breast carcinoma indicating that IGF-1R might have a potential role in promoting angiogenesis by the induction of VEGF expression in tumor tissues as has been reported by Kucab and Dunn [17] , who considered the potential role of IGF-1R in regulating breast cancer metastases by facilitating angiogenesis and lymphangiogenesis through the induction of VEGF.
In conclusion, the results of the present study indicate that paracrine activation of IGF-1R by IGF-II and overexpression of TGF-β1 by the tumor, may result in an increased mitogenic action which contributes to the progression and angiogenesis of the tumor. TGF-β1 seems to affect tumor angiogenesis and play an important role in breast tumor progression. The determination of tissue TGF-β1 levels may be informative in considering therapy for these patients.
